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3 MATERIALS AND METHODS 
3.1 Chemicals 
Laccase enzymes from Trametes versicolor and gelatine were purchased from Sigma-
Aldrich. Polyethylene Glycol (PEG) (MW = 4000), calcium chloride (CaCl2), sodium 
acetate, glutaraldehyde and acetic acid were purchased from Merck. Sodium Alginate 
was purchased from R&M Chemicals and ABTS was purchased from Roche.  
3.2 Laccase Immobilization 
3.2.1 Entrapment with Gelatine and Sodium Alginate 
100 ml of 2.0% (w/v) Na-alginate was prepared before adding 2.0 g of gelatine and 0.5 
g of PEG. 0.05 g (500 U) of laccase enzymes was then added and mixed thoroughly for 
10 minutes at 25°C. Next, the mixture was withdrawn using a sterile 5 ml syringe and 
extruded through a 21 gauge (0.51 mm inner diameter) needle into 2.0% (w/v) CaCl2 
solution, almost instantly forming beads of 2.0 – 3.0 mm diameter. The beads were left 
unstirred to harden in the CaCl2 solution at 4°C for about 2 hours, after which the CaCl2 
solution was removed and the beads were washed twice with distilled water. Then, the 
beads were subsequently incubated in 100 ml of 0.6% (w/v) glutaraldehyde solution and 
stirred at 4°C for 2 hours. After the beads were washed several times with acetate buffer 
(pH 4.5), the immobilized laccase enzymes are stored at 4°C in acetate buffer (pH 4.5) 
(Wang et al. 2008). 
3.2.2 Covalent Bonding by Alumina Pellet Support 
The immobilization of laccase enzymes by covalent bonding was not carried out in this 
study. The covalently bonded laccase enzymes were obtained from a previous 
undergraduate research project. In this immobilization method, alumina pellets (Al2O3) 
was first silanised with 2.0% (v/v) γ-aminopropyltriethoxysilane in acetone at 45ºC for 
20 hours. The support was then washed with acetone one time and silanised again for 24 
hours. After silanisation, the support was washed few times with deionised water and 
dried through air. The Al2O3 were then treated with 2% (v/v) aqueous glutaraldehyde 
50% (v/v) for 2 hours at 25ºC. The support was again washed with deionised water and 
dried through air. 150 g of treated supports were then immersed in 250 mL (5 U/mL) of 
laccase solution (obtained by dissolving the enzyme in 0.1 M citrate buffer pH 5 with 
0.1 M sodium chloride) at 25ºC for 48 hours. The particles then were washed with 0.05 
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M phosphate buffer (pH 7) to remove the unbound enzyme and keep at 4°C until further 
use (Silva et al., 2007; Leong, 2014). 
3.3 Enzyme Assays 
The 0.5 mM ABTS solution was prepared by dissolving ABTS with acetate buffer. The 
assay mixture for test consisted of 1.9 ml of 0.1 M acetate buffer (pH 4.5), enzyme (0.1 
ml enzyme in buffer; 0.09 g or 0.2 g of covalent bonded and entrapped laccase enzyme 
respectively with an approximate volume of 0.1 ml) and reaction was started 
immediately by adding 1.0 ml of 0.5 mM ABTS solution. The assay mixture for the 
blank consists of 1.9 ml of 0.1 M acetate buffer (pH 4.5), 0.1 ml of pure water and 1.0 
ml of 0.5 mM ABTS solution. The activity of laccase enzymes was assayed 
spectrophotometrically at 415 nm with UV-VIS spectrophotometer (Shimadzu, UV-
1800) at 25°C (Vanhulle et al., 2006). The absorbance of the mixture solution was 
recorded.  
3.4 Reusability Test 
The reusability of entrapped laccase enzymes was studied for 15 cycles. 3 sample 
bottles each contained approximately 0.09 g covalent bonded laccase enzyme was added 
with 1.9 ml of buffer solution and 1.0 ml of ABTS solution. The immobilized laccase 
enzymes were allowed to catalyse the oxidation of ABTS for 75 minutes (Nor et al., 
2010). The immobilized laccase enzymes were filtered, washed and placed into a new 
batch of ABTS solution for the second cycle. The experiment was repeated to test the 
reusability of entrapped laccase enzyme by substituting the 0.09 g of covalent bonded 
laccase enzyme with 0.2 g of entrapped enzyme. The activity of laccase enzymes was 
assayed spectrophotometrically at 415 nm with UV-VIS spectrophotometer (Shimadzu, 
UV-1800) at 25°C (Vanhulle et al., 2006).The absorbance of the mixture solution was 
recorded. The retained activity is calculated using the equations 1 and 2. 
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3.5 Leakage Test 
The storage stability test was carried out to determine the leakage of the entrapped and 
covalently bonded laccase enzymes during the 32 days of the study period. Immobilized 
laccase enzymes were stored in acetate buffer (pH 4.5) and sample of the buffer solution 
was collected every day for the first week and then every five days thereafter. 0.1 ml of 
the sample buffer was added into 1.9 ml of 0.1 M acetate buffer. 1.0 ml of ABTS 
solution was added and the activity of laccase enzymes was assayed 
spectrophotometrically at 415 nm with UV-VIS spectrophotometer at 25°C. The assay 
was repeated 3 times and the average reading was determined to obtain a more accurate 
result. The activity of immobilized laccase enzymes was tested for 32 days. In this 
period the laccase enzymes were stored at 4ºC (Vanhulle et al., 2006). 
                         
 
           
 
                                      
            
                                                   
                           
       
Where  d = number of day 
 
 
 
 
 
 
